of population-based data compared to primary cancers is due to the fact that most cancer registries do not collect information on metastases beyond the tumor, node, metastasis (TNM) classification which dichotomously gives the presence or absence of metastases without locations at the time of diagnosis. As alternative sources on data on metastases, T A B L E 1 Number of patients and median age at diagnosis (in years) of primary cancer and site of extranodal metastasis. Because patients may have several metastases, the sum of metastases is larger than that of patients we have used death certificates but there may be concerns that these are issued to describe the causes of death and the focus may be on life-threatening types of metastases. 15 We and others have also used hospital discharge records which at least in Sweden and Denmark are useful and accurate but have the disadvantage that the time of diagnosis of cancer or of metastases may not be available, complicating survival analysis. [15] [16] [17] [18] [19] Using Swedish hospital inpatient data combined with data from death certificates, we show here the spectrum of metastases from all common cancers. To our knowledge, this is the first population-based study of its kind providing information on 179 581 site-specific extranodal metastases disseminating from common cancers.
| MATERIAL AND METHODS

| Dataset
The Linkage of data is illustrated in Figure 1 . Patients with cancer were identified from the Cancer Registry and these were linked with the National Patient Register and the Cause of Death Register to identify unique patients with extranodal metastases. A total of 461 489 such patients were identified but 281 908 were excluded for reasons such as they had more than one cancer, or the diagnosis was cancer of unknown primary. Other reasons for exclusion were unspecified or illdefined metastases.
| Statistical analysis
We created a subset of the National Patient Register and FCD with all patients with a recorded hospitalization, or death, due to metastatic cancer between 1987 and 2012. First, the primary cancer sites followed by metastatic sites were investigated for both sexes. Patients may have been hospitalized multiple times due to the same metastases, and also with metastases to multiple locations. Separate analyses were performed taking into account the age at diagnosis of the primary cancer (three groups: <60 years, 60-70 years, and ≥70 years).
As a quality control test, we used the TNM classification, initiated in the Cancer Registry in 2002, to identify metastatic stage IV colorectal cancer patients, and search for information on their metastatic locations through the Cause of Death Register and the National Patient Register. We assume that the data in the Cancer Registry are correct and can check to what extent the patients can be correctly identified through the sources that we used to identify metastases.
All calculations were performed using SAS software, version 9.3 (SAS Institute Inc., Cary, NC).
| RESULTS
A total of 1.25 million patients who were diagnosed between 1987 and 2012 were identified from the Cancer Registry. We excluded patients with more than one primary cancer diagnosis (N = 131 565) and those with an unknown primary site (N = 34 100). Furthermore, we excluded patients with unspecified metastases (N = 113 890) or metastases to "ill-defined" sites (N = 2353). Of remaining cancer patients, 179 581 had records of extranodal metastasis: 116 424 had one, 41 545 had two, and 21 612 had three or more known metastases. The overall median age at cancer diagnosis was 68.3 years ( Table 1) . The most common primary cancers were prostate (31%), colorectum (18%), and lung (15%) cancers for men. The most frequent primary sites for women were breast (29%), colorectum (17%), and lung (13%). In men, the skeleton was the target of most metastases, followed by liver and lung, whereas in women, the liver was the main target, followed by bone and lung. Table 2 summarizes the primary cancer sites in men with metastatic cancer (N = 92 713). The first line gives the total distribution of metastases, lead by bone (42%) and followed by liver (35%) and lung (21%). Note that the sum exceeds 100% because many patients had multiple metastases which were scored to multiple sites. Lung metastases were most common organ sites for upper aerodigestive tract, esophageal, and kidney cancers. The liver was the most common target for stomach, colorectal, liver, and pancreatic cancers. The nervous system was preferred location of metastases from lung cancer and melanoma, and the bone was targeted by prostate and bladder cancers. As many as 89% of prostate cancer patients showed bone metastases while the next common site of the liver was the target in only 10% of patients. For other cancers, the distribution of metastatic locations was more even; for example for lung cancer, nervous system (39%) and bone (34%), and for melanoma nervous system (49%) and lung (41%) were rather even locations.
For female metastatic locations, the ranking differed from men because the liver was the most affected site, followed by the bone and the lung. However, for the shared cancers, the ranking of metastatic locations matched the male one. Among female cancers, breast cancer metastasized to bone (55%), liver (36%), and lung (30%). Other female genital cancers showed metastatic growth to lung (36%) and peritoneum (26%). Ovarian cancer spread mainly locally in the peritoneum (62%). Figure 2 depicts patterns of metastases as percentage of all metastases depending on the diagnostic age of cancer. Of note, "other primary sites" account for a substantial proportion of metastases in younger men and these were not shown. For example, 20% of lung metastases in men under 60 years were from "other" sites, whereas the proportion was only 9% in men over 70 years. In women, other sites caused 7% of lung metastases in all age groups. In men, colorectal cancer was the main source of lung, peritoneal, and liver metastases with moderately increasing share toward high age. Lung cancer was the main origin of pleural and nervous system metastases which also increased moderately to age 60-70 years. Prostate cancer dominated bone metastases at all ages but most at high age. Among women, early onset breast cancer was the dominant origin of all metastatic sites, with the exception of peritoneum which was controlled by metastases from the ovary. Lung cancer overtook breast cancer as the main origin of nervous system metastases past age 60 years. Based on Table 3 , lung cancer contributed somewhat more nervous system metastases than breast cancer; similarly, for liver metastases, colorectal cancer slightly surpassed breast cancer as source of metastases.
In order to assess the reliability of our data, we analyzed through the TNM classification data a sample of 8131 stage IV colorectal cancer patients diagnosed in 2002 through 2012. Of these, 83% had records of site-specific metastases, and over 5% had metastases at ill-defined, lymphatic, or unspecified sites. As 5% of these had had not died, we conclude that the underreporting of TNM defined metastases in the combined registries was around 7%.
| DISCUSSION
The present study provides an estimate of metastatic pathways from primary cancers to main metastatic sites. The advances are the nationwide, unselected, and recent patient population of 179 581 individuals. To our knowledge, no such data have been published before. The limitations of the study are that the diagnoses were clinical, not pathological, and that a proportion of metastatic patients were probably not reported. In the quality control analysis, we estimated underreporting of metastatic colorectal cancers at 7%. It is important to note that we describe metastatic pathways from primary cancer rather than attempt to describe the risk of metastases from each specific primary cancer, because such figures would be underestimated.
Our findings of preferred metastatic sites of primary cancers are largely in line with clinical knowledge and the reported autopsy data but they have never been presented at a national level. [12] [13] [14] Because of sex-specific cancers and the dominance of prostate cancer in men with preferred bone metastases, the overall male raking of metastatic sites was bone, liver, and lung compared to liver, bone, and lung in women. The contribution on the main primary sites to metastasis at various sites is shown in the nutshell in Figure 2 . In men, colorectal cancer was the main source of lung, peritoneal, and liver metastases. Lung cancer was the main origin of pleural and nervous system metastases. Prostate cancer dominated bone metastases and had a moderate contribution lung cancer but had minor contribution to other metastatic sites. Among women, breast cancer was the dominant origin of all metastatic sites, with the exception of peritoneum which was ruled by metastases from the ovary. Figure 2 does not reveal two other exceptions that can be found in Table 3: for nervous system metastases, lung cancer was the origin of metastases somewhat more frequently than breast cancer, and for liver metastases, colorectal cancer was the main origin instead of breast cancer. Breast cancer is a relatively early onset cancer and Figure 2 showed that its dominance at many metastatic locations was weakened toward higher age.
The present results agree with earlier autopsy studies showing that gastro-intestinal cancers primarily metastasize to the liver, and that prostate, breast, lung, and kidney cancer are the main sources of bone metastases. [12] [13] [14] In the present study, most liver metastases arose from colorectal cancer, as was also reported by Hess et al 13 ; however, earlier studies have suggested breast and lung cancers as the main source of liver metastases. 12, 14 Breast and colorectal cancers have been the dominant sources of lung metastases in the literature, although Hess et al reported a substantially higher proportion of lung metastases from kidney cancer (28% of all lung metastases) compared with the present results (13% for men, 7% for women). There is also agreement that lung cancer and breast cancers are dominant sources of nervous system metastases. However, we show here that for melanoma, the nervous system was the most common metastatic site found in close to a half of all patients. The accuracy of the data is vital for this study. Some 98% of cancer cases in the Cancer Registry have been cytologically verified and the coverage has been estimated at over 90%. 23 Causes of death have been registered in Sweden since the 18th century. 24 The recent completeness of the Causes of Death Register has been estimated to be higher than 99% but inaccuracies may exist in rendered diagnoses. 18 Previous Swedish studies showed that cancer deaths showed the highest agreement with hospital diagnoses. 25, 26 A contributing factor to the accuracy of death certificates on cancer patients in Sweden is that 85% of patients die in hospitals and for more than 90% of cancer deaths the related hospital journals have been the base for issuing the death certificate. 27, 28 In the presented data, 34 100 of patients with records of metastatic involvement had metastases to "unspecific" sites. Although this may raise some concerns, this issue has been addressed in a previous study concerning metastatic lung cancer. 15 There was no association between factors such as age, sex, survival, socio-economic index, geographic location, or histological type on the occurrence of metastases to "unspecific" sites. Therefore, we are confident that metastases to "unspecific" sites should be considered random in nature. The "anatomical/mechanical" hypothesis and the "seed and soil" hypotheses show merit in practice. The anatomical/ mechanical hypothesis explains the location of lymphatic spread, for example, to axillary lymph nodes from breast or lung cancer. Similarly, due to the portal venous system, many gastro-intestinal organs metastasize to the liver. Intraabdominal cancers from the colorectum, the ovaries, or the stomach, often metastasize within the abdominal cavity and lung cancer within the thorax. As all blood passes the lungs, cancer cells from any organ would be expected to seed to the lungs. Anatomical circumstances can also explain why some metastases appeal concurrently to each other, for example, ovary and peritoneum/gastro-intestinal, but not other pairs, such as adrenal gland and nervous system. Some cancer may prefer to target organs with a similar milieu. Depending on the "soil" (target organ), different "seeds" may thrive. For example, we recently showed that different histological subtypes in lung cancer displayed significant difference in metastatic patterns, irrespective of age and sex. 15 Adenocarcinomas frequently metastasized to bone. Small cell lung cancer metastasized to the liver and nervous system, containing neuroendocrine cells. Some authors emphasize the role of disseminating tumor cells in acquiring genetic and epigenetic variation in distant locations that enable metastatic expansion; they referred to this process as "metastatic speciation." 29 Recently, the seed and soil hypothesis have evolved into increasing complexity, as factors mediating metastasis spread were investigated at the molecular level, increasing the importance of understanding target organ microenvironment as an important factor in metastasis. 4, 5, 10, [30] [31] [32] Expression of several genes may generally enhance a primary tumors metastatic potential or even facilitate the emergence of metastatic traits. 10 Overexpression of growth factor receptors, cell adhesion molecules, and chemoattractants mediating cancer cell homing in different cancers may furthermore promote spread generally or to specific organs that display a suitable microenvironment. 4, 5, 10, [30] [31] [32] Tumor cells expressing, for example, fibroblast growth factor receptor 1 or parathyroid hormone-related peptide have an advantage in metastasizing to bone, because growth is thus stimulated in that microenvironment. 33, 34 Fibroblast growth factors are often produced by breast cancer and prostate cancer, the latter which also produces prostate-specific antigen, capable of activating growth factors in bone tissue. Adrenal glands have a high expression of the chemokine CCL20, whereas lung cancer cells frequently express its ligand CCR6, possibly explaining the frequency of adrenal metastases from lung cancer. 32 In conclusion, there are significant differences in metastatic pathways of main cancer and these depend also on sex and age at diagnosis. To our knowledge, this is the first nationwide description of clinical landscape of cancer metastases. It should serve as a reliable source for clinicians and fellow researchers, spawning numerous ideas for further research on mechanisms behind cancer metastasis.
